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Methods, Instrumentation, and Preliminary Evaluation
of Data for the Hydrologic Budget Assessment of
Lake Lucerne, Polk County, Florida

By T.M. Lee, D.B. Adams, A.B. Tihansky, and Amy Swancar

ABSTRACT

The karst physiography of Florida’s Central Highlands
Ridge is characterized by numerous solution-type lakes that
naturally recharge the underlying Upper Floridan aquifer.
Declining lake levels along the Central Highlands Ridge
during the last decade have been attributed to precipita-
tion deficits and also to increased lake leakage caused by
pumping from the underlying Upper Floridan aquifer.
Defining the effect of ground-water pumping on lake levels
has been significantly hampered by a lack of accurate
hydrologic data describing evaporation processes and
ground-water interactions with Florida’s lakes. A hydro-
logic-budget investigation of Lake Lucerne was initiated to
determine the relative importance of evaporative losses
and ground-water fluxes in regulating the stage of a
solution-type lake. A data-collection network, operated at
Lake Lucerne between April 1984 and September 1986,
measured precipitation and lake and ground-water levels.
The climatic data that are required to compute evaporation
by the energy-budget and mass-transfer methods were
collected for the 1986 water year, from October 1985
through September 1986. This report describes the
hydrogeologic setting of Lake Lucerne and gives a detailed
description of the data-collection network, methods, and
the climatic and hydrologic data that will be used to
construct a hydrologic budget for Lake Lucerne.

Climatic data were collected at three locations—
a land-climate station, a raft-climate station, and a stage
and reflected-radiation station on the lake. The data
include measurements of air temperature, wind speed,
relative humidity, and incoming and reflected longwave
and shortwave radiation. The hydrogeologic setting of the
lake was defined as an important prerequisite to under-
standing and quantifying ground-water inflows and
outflows to the lake. Geologic data described in this report
include the lithology of drill cuttings, results of mineralogi-
cal analyses, and results from borehole and surface
geophysical surveys. Vertical hydraulic head gradients
within different aquifers were monitored in three groups of

observation wells around the lake and in a well finished 8
feet below the center of the lakebed. Additional wells
finished in the surficial aquifer were used to monitor
changes in the water-table altitude.

The surficial aquifer surrounding Lake Lucerne is
hydraulically separated from the Upper Floridan aquifer by
approximately 15 feet of confining clays. Beneath the lake,
however, a seismic-reflection survey of the sublake geology
revealed a system of vertical solution features in the lime-
stone that are filled in by the collapse of the overlying clays
and sands. This geologic interpretation is supported by the
results of a regression analysis of surficial versus Upper
Floridan aquifer head values, which shows a better hydrau-
lic connection between these two aquifers beneath the lake
than in the surrounding basin. Maps of the cross-sectional
and areal head distribution around Lake Lucerne indicate
that the lake is the focal point for ground-water discharge
from the adjacent surficial aquifer. Also, because of
breaches in the underlying confining unit, Lake Lucerne is
a focal point for recharge from the surficial aquifer to the
Upper Floridan aquifer. Ground-water flow patterns
around Lake Lucerne varied significantly between the wet
and dry seasons and also were influenced by geologic
conditions and by drawdown in the Upper Floridan aquifer.
This highly seasonal drawdown was primarily the result of
localized irrigation pumping.

INTRODUCTION

The Central Highlands Ridge physiographic region
encompasses most of the nearly 7,800 lakes that exist in
Florida. The thousands of warm-temperate and subtropical
lakes distributed along this hilly backbone of peninsular
Florida are a valuable natural resource, providing esthetic
settings for homes and recreation for residents and tourists.
The rapidly expanding population of Florida and the concur-
rent demand for more water for domestic, industrial, and
agricultural uses, however, threaten lakes with abnormal
water-level declines.

Introduction 1



Lake levels along the Central Highlands of west-central
Florida have declined over the past decade causing degrada-
tion of water quality in some areas and leaving homes and
dock facilities far from the water’s edge. These declines have
been attributed to precipitation deficits and also to increased
leakage from the surficial aquifer due to pumping from the
underlying Upper Floridan aquifer (Geraghty and Miller,
Inc., 1980; Palmer and Nguyen, 1986). Quantifying the
effect of ground-water pumping on lake levels, however, has
been hampered by a lack of accurate hydrologic data to
describe evaporation processes and ground-water interactions
in Florida lakes.

Most of the Central Highlands has a karst physiography
characterized by internally drained basins and seepage lakes
that lack surface-water inflows or outflows. Sinkholes,
created by dissolution of the underlying limestone, are
considered to be the origin of many of the lakes in the region,
and consequently, these lakes are referred to as solution-type
lakes. The most profound implication of the ground-water
interactions with solution-type lakes is the potential for
pumping to induce preferential recharge, or leakage, directly
from lakes due to the sinkhole structure of the sublake
geology. In general, the recharge induced from the surficial
aquifer by pumping in the Upper Floridan aquifer depends
upon the permeability of the clay confining unit separating
these two aquifers. Defining the recharge induced directly
from solution-type lakes is difficult, however, because
insufficient data exist to describe the configuration of the
confining unit below them and extrapolation of regional
geologic information beneath such lakes is inappropriate.

Another factor that confounds the assessment of lake
and ground-water interactions on lake levels is the lack of
accurate information on lake evaporation in Florida. Most of
the lakes are seepage lakes, and as such, losses of water by
evaporation and leakage control lake-level declines.
Although annual evaporation from lakes in west-central
Florida approaches the magnitude of the average annual rain-
fall, evaporation remains a poorly understood component of
the hydrologic budget. Accurate lake evaporation rates are
fundamental to constructing realistic lake hydrologic
budgets, yet data from theoretically approached evaporation
studies are not available for Florida. Accurate measurements
of evaporation and other hydrologic-budget components,
including some indication of potential errors, are needed
before informative relations between surface-water and
ground-water resources can be developed.

In 1983, the U.S. Geological Survey, in cooperation
with the Southwest Florida Water Management District,
began a S-year study of the hydrologic budget of Lake
Lucerne in Polk County, Fla. The study focuses on the role of
evaporation and ground water in the overall hydrologic
budget and includes an evaluation of the errors in each
budget component. The study also examines the influence of
the lake’s geologic setting and pumping from the Upper
Floridan aquifer on ground-water interactions with the lake.

Purpose and Scope

The specific objectives of this report are to: (1) describe
the geologic and hydrologic setting of Lake Lucerne,
(2) describe the methods and instrumentation that were used
to collect data for a hydrologic budget of Lake Lucemne, and
(3) present a summary of the hydrologic data collected
between April 1984 and September 1986.

The overall purpose of the hydrologic investigation of
Lake Luceme is to determine the role of evaporation and
ground-water fluxes in regulating lake stage. The approach
of the study is to define each component of the lake’s hydro-
logic budget accurately and to include an estimate of the
error associated with each budget component. Subsequent
reports that will present the summary findings of the study,
including an assessment of lake evaporation rates and
ground-water fluxes between the lake, the surficial aquifer,
and the Floridan aquifer system, are planned.

The study, which began in 1983, is the first in Florida
to collect the data to assess the relations between lake water
levels, evaporation, and ground-water fluxes. An extensive
field effort was undertaken to collect the geologic, hydro-
logic, and climatic data that were neceded to evaluate the
components of the hydrologic budget for the lake.
Hydrogeologic data were collected by drilling monitor wells,
conducting borehole and surface geophysical surveys, analyz-
ing drill cuttings with X-ray diffraction, and monitoring lake
and ground-water levels.

Climatic and hydrologic data collected at a raft on the
lake, at a platform mounted in the lake, and at a land site were
used to quantify evaporation and precipitation fluxes. The
data included lake stage, water temperature, wet- and
dry-bulb temperature, wind speed, barometric pressure, rain-
fall, and incoming and reflected longwave and shortwave
radiation. Surveys also were made periodically to define the
heat stored in the lake water.
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DESCRIPTION OF THE STUDY AREA

The development of natural lakes in the landscape
depends on the physiography, climate, and geology of the
area. The presence of a lake, and its rise and fall through the
years, affects the soil and vegetation in its vicinity. To gain an
understanding of the hydrologic budget of the lake, it is
pertinent to review these characteristics of the lake’s
drainage basin.

Physiography

Lake Lucemne is in the Central Highlands of Florida
(fig. 1), which runs northwest to southeast through Polk
County (White, 1970). The Central Highlands is character-
ized by ridges, some of the highest hills in the State, high
swampy plains, and numerous lakes of varying size and
depth along its entire length. Land-surface altitudes range
from 40 to 325 ft above sea level. White (1970) identified
several northwest-southeast trending ridges within Polk
County. From west to east, they are the Lakeland, Winter
Haven, and Lake Wales Ridges. Brooks (1981) includes the
Winter Haven Ridge in a broad geomorphic unit called the
“Winter Haven Karst,” which is characterized by “sandhill”
or “mantled” karst (Brooks, 1981; Sinclair and others, 1985).
Circular lakes, such as Lake Lucerne (fig. 2), and hilltops
between 150 and 190 ft above sea level are common features
of the Winter Haven Karst region.

The Winter Haven Karst is characterized by the
prevalence of cover-subsidence type sinkholes (Sinclair and
others, 1985). In areas where the overlying sediment is
relatively thick and unconsolidated, it fills the limestone
voids before large cavities can develop. Subsidence migrates
upward as overlying sediments fill the steep walled holes in
a process known as “piping.” These pipes may be up to 120 ft
deep depending on the amount of infilling (Beck and others,
1984). If the infilling material is of sufficiently low perme-
ability, the resultant topographic depression retains water.
This is considered to be the origin of many small circular
lakes in Florida, such as Lake Lucerne. Large irregularly
shaped lakes are formed when several sinkholes develop in
close enough proximity to merge (Beck and others, 1984).
Periodically, lakes of this origin may drain when the infilling
material is disturbed (Beck and others, 1984; Sinclair and
others, 1985).

Lake Lucerne is 45 acres in area and has a volume of
530 acre-ft at a stage of 130 ft above sea level (fig. 3). The
maximum depth measured during the study period was
approximately 22 ft and the average depth was about 15 ft.
The lake is in a closed basin and has no surface-water inflow
or outflow. It is situated topographically higher than four
larger surrounding lakes (fig. 2), which isolates the lake from
surface-water and ground-water inflow into the drainage
basin. The sandy hills of Lake Lucerne’s 0.26-mi? drainage

basin are covered largely by irrigated citrus groves and a ring
of low-density residential homesites immediately adjacent to
the lake. In addition to Lake Lucerne, the drainage basin
includes a small wetland pond that is upgradient to and
northwest of the lake (fig. 2). For the purpose of this report,
this pond is referred to as “Terrie Pond.”

Climate

Because Lake Lucemne is a seepage lake, much of its
water enters as precipitation and leaves as evaporation.
Therefore, changes in climate have a significant effect on
lake levels. The climate in the study area is classified as
subtropical humid and is characterized by high temperatures
and frequent rainfall from localized afternoon and evening
thunderstorms between June and September. Cooler temper-
atures and less rainfall from frontal storms that are areal in
nature occur between October and May. Long-term climatic
data (71 years) for the area are available from the Lake
Alfred Agricultural Research and Education Center (AREC),
which is a National Oceanic and Atmospheric Administra-
tion (NOAA) climate reporting station, 2 mi northwest of the
study area. Long-term rainfall at Lake Alfred AREC aver-
ages 50.83 in/yr; monthly averages range from 1.95 in. in
November to 7.25 in. in August (fig. 4). The average annual
air temperature at Lake Alfred AREC is 71.6 °F, and daily
average temperatures range from about 60 °F in January to
about 82 °F in August.

Soils and Vegetation

Soils in the study area generally consist of washed
silica sand that is overlain by a highly enriched organic layer
near the lake. According to a regional soil survey by the U.S.
Soil Conservation Service (written commun., 1986), the
soils, except in the vicinity of the lake, are composed of an
extremely well-drained, fine sand and are nearly level or only
gently sloping. The area surrounding the lake is composed of
a moderately well-drained, sandy upland soil. The soils in the
vegetated area immediately adjacent to the lake are poorly
drained and are typical of those commonly found in wetland
arcas of Polk County.

The soils surrounding “Terriec Pond” are much the same
as those surrounding Lake Lucerne. The soil immediately
surrounding the pond is a poorly drained, organic soil, and
the pond bottom sediment is an organic muck that is
periodically exposed during extremely dry conditions. The
thickness of the muck averages about 36 in.

The entire drainage basin outside the immediate area
surrounding Lake Lucerne is cultivated in citrus groves.
During the study period, two hard freezes (December 25,
1983, and January 23, 1985) caused extensive damage to the
citrus groves. As a result, some mature citrus trees in the

Description of the Study Area 3
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basin were either replaced with saplings or abandoned. The
residential area immediately surrounding the lake is land-
scaped with grasses, shrubs, and domestic gardens. Native
trees such as live oak and longleaf pine grow in this area, as
well as two stands of the imported punk tree (Melaleuca
quinquenervia).

On November 26, 1985, a detailed survey of the
aquatic vegetation of Lake Lucemne (fig. 5) was conducted by
T.F. Rochow of the Southwest Florida Water Management
District (written commun., 1986). He noted at that time that
about 90 percent of the central lake area was devoid of
floating macrophytes, and no plant life was observed in
several feet of water to the limit of visibility. Shoreline vege-
tation included umbrella-grass (Fuirena scirpoidea), white

1
Base Credit U.S. Geological Survey 1:24,000

waterlily (Nymphaea odorata), pickerelweed (Pontederia
cordata), southern cattail (Typha domingensis), spikerush
(Eleocharis sp.), and punk trees (Melaleuca quinguenervia).

HYDROGEOLOGIC SETTING

The local geologic setting largely determines the
movement of ground water into and out of Lake Lucerne.
A detailed description of the geologic framework within the
Lake Lucerne basin, including the geology beneath the lake,
and the hydraulic characteristics of the aquifers is presented
in this section. This information is an important companion
to the ground-water sections of this report. Prior to the
discussion of the geology within the lake basin, however, it is
important to review the general geology of the study area.

Hydrogeologic Setting 5
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General Geology

The stratigraphy of the study area generally is that of a
regressive sequence. Limestones and dolomitized limestones
are buried by phosphatic and dolomitic clays that are over-
lain by undifferentiated sands and clays with quartz sand
content increasing toward the surface. The limestones that
comprise the Floridan aquifer system are an extensive
sequence that range from late Paleocene to early Miocene in
age (Miller, 1986). This investigation is limited in scope to
the upper part of the Floridan aquifer system and the overly-
ing formations because they encompass the ground-water
flow system relevant to Lake Lucerne. For a thorough discus-
sion of the Floridan aquifer system and associated geologic
formations, the reader is referred to Miller (1986). The
geologic units that comprise the sequence of interest in the

study area, from bottom to top, are: the Ocala Group of late
Eocene age, the Hawthorn Group of Miocene and Pliocene
age, and the unconsolidated sands and clays of Quaternary
age. The Suwannee Limestone of Oligocenc age was not
observed in the study area, and the approximate updip limit
of this formation is to the south and west of the study area
(Miller, 1986). The stratigraphic nomenclature used in this
report is that of the Florida Geological Survey and does not
necessarily follow usage of the U.S. Geological Survey.

The lithologic sequence that exists in the study area
can be divided into hydrogeologic units based on hydrologic
characteristics of the formations. These units from top to
bottom are: the surficial aquifer, the intermediate confining
unit, and the Upper Floridan aquifer. Table 1 lists these
hydrogeologic units based on hydrostratigraphic nomenclature
of the Southeastern Geological Society (1986).

Table 1. Generalized stratigraphy, hydrogeology, and lithology of the study area.

SYSTEM SERIES | FORMATIoN | HYDROGEOLOGIC LITHOLOGY
RFICIAL SAN
HOLOCENE | SURFICIAL SAND SAND AND CLAY
QUATERNARY SURFICIAL QUARTZ
PLEISTOCENE UNDIFFERENTIATED AQUIFER KAOLINITE
SAND AND CLAY APATITE
PLIOCENE
@
oz
c |OF | &2
wo| 53| Y3 DOLOSILT AND CLAY
5 781 % | o INTERMEDIATE DOLOMITE
JE| 8 | 3
b 122 30 1 & CONFINING UNIT QUARTZ
Z = [vs
| 2|8 o} APATITE
2 e b CALCITE
by SMECTITE
2
TERTIARY W ARCADIA ILLITE
S | FORMATION
SUWANNEE
OLIGOCENE | -MESTONE UPPER
FLORIDAN
AQUIFER LIMESTONE
OCALA GROUP Qu
a0
EOCENE '&J CALCITE
a
o)
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The Eocene is perhaps the last stable epoch of the
depositional sequence that underlies Lake Lucerne. The pure
limestones of the Ocala Group are the result of deposition in
a shallow, open marine environment (Cooke, 1945). These
deposits were modified by subaerial erosion and fracturing as
the Ocala uplift developed. The resulting paleokarst surface
contains sinkholes and coast-parallel valleys (Pirkle and
others, 1965).

As the sea regressed, deposits overlying the Ocala
Group became more clastic. These formations consist of
interfingered dolomites, dolosilts, and clays; phosphate is
associated with most of these formations. Deposits contain-
ing this varying lithology make up the formations of the
Hawthorn Group in the study area (Scott, 1986). The overly-
ing blanket of sediments is smoothly graded on the surface,
but varies in thickness where it fills in sinkholes and valleys
(White, 1970). During the Pliocene, the upper part of these
phosphatic, dolomitic, sandy clays were weathered as uplift
and a lowering of sea level occurred (Altschuler and Young,
1960). The uplift within the area increased the potential for
water to move downward.

The undifferentiated sands and clays of the Quaternary
Period consist of alternating lenses of fine to coarse sand,
clay, and clayey sand. These deposits are marked by an
irregular, upward gradational increase of kaolinite and quartz
sand as the phosphate and dolomite of the Hawthorn Group
decrease.

Because these mineralogic changes are representative
of intense weathering, Altschuler and Young (1960)
concluded that these clayey sands are the insoluble residue of
lateritic alteration of the Hawthorn deposits. Ketner and
McGreevy (1959) also favored the residual origin. This
theory proposes that the clays (illite and mica of the upper
Hawthorn Group) were altered to residual kaolinite as
magnesium oxide was released. The release of magnesium
oxide probably contributed to the dolomitization of the
underlying lower part of the Hawthorn Group (Arcadia
Formation) (Cathcart, 1966). The weathering of primary
phosphate (apatite) to secondary phosphate caused uranium
enrichment of the underlying material. A characteristic peak
in the gamma-ray logs at the top of the Hawthorn Group is
indicative of this enrichment (Ketner and McGreevy, 1959;
Cathcart, 1966). Nonresidual deposits of undifferentiated
sands and clays consist of a few channel and dune deposits of
Pleistocene to Holocene age, as well as a thin veneer of
material reworked by the wind (Altschuler and Young,
1960).

White (1970) proposed a “topographic inversion”
for the formation of the present ridges and karst features.
Differential dissolution of the landscape eroded the
highlands where soluble limestones were covered by a thin

veneer of clays of the Hawthorn Group. The lowlands were
protected by thick beds of insoluble clays and became the
present residual ridges. The continued downward movement
of water during the Pliocene Epoch created a cavernous
drainage network in the underlying limestone. Subaerial
crosion and dissolution continued through the Pleistocene
Epoch as sea-level fluctuations affected the area. Weathering
of the surface material created the surficial sand and undiffer-
entiated deposits of the Quaternary Period (Altschuler and
Young, 1960). Over time, these overlying deposits subsided
into sinkholes of the underlying karst. The result is the
“mantled karst” seen in the present-day landscape of the
study area.

Geotechnical Methods

The geologic framework of the area around the lake
was determined through analyses of drill cuttings, soil X-ray
diffraction, well-completion reports, borehole geophysical
logs, and a marine seismic-reflection survey. Primary
geologic information was obtained from nests, or groups, of
wells that were drilled at three sites around the lake: 1PN,
2PN, and 3PN (fig. 6). Additional lithologic descriptions
were obtained from well-completion reports for existing
wells within the study area: OC1, OC2, OC6, OC7, and PWS5
(fig. 6).

Natural gamma, gamma gamma, and neutron
geophysical logs were run in the deepest well at each nest of
wells: 1PN-155, 2PN-130, and 3PN-65 (table 2). In addition,
fluid conductivity and temperature logs were run in
1PN-155. At site 1PN, split-spoon samples were collected at
5-ft intervals to a depth of 85 ft and were analyzed for
grain-size distribution. These samples were used to establish
mineralogic continuity of lithologic units and to supplement
and check geophysical log observations. Mineralogic
identification was based on X-ray diffraction analyses.

A high resolution seismic-reflection survey of the lake
aided in the determination of sublake geology. The system
consisted of hydrophones towed behind a boat equipped with
a high resolution boomer LORAN (Long Range Navigation)
equipment. Reflection data from multiple transects were
used to trace a basal reflector horizon that corresponds to a
lithologic contact observed in nearby wells.

The horizontal hydraulic conductivity in the surficial
aquifer was determined by slug tests performed at a total of
11 water-table and nested observation wells (Bouwer and
Rice, 1976). Other hydraulic characteristics for
hydrogeologic units in the ground-water basin were based on
literature values.
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